Serology remains the method of choice for laboratory diagnosis of Mycoplasma pneumoniae infection. Currently available serological tests employ complex cellular fractions of M. pneumoniae as antigen. To improve the specificity of M. pneumoniae diagnosis, a recombinant protein was assessed as a serodiagnostic reagent. A panel of recombinant proteins were expressed from a cloned M. pneumoniae gene that encodes a 116-kDa surface protein antigen. The recombinant proteins were assessed for reactivity with patient sera and the most antigenic was further assessed for its serodiagnostic potential by indirect enzyme-linked immunosorbent assay (ELISA). The ELISA based on the recombinant protein was equivalent in sensitivity to the commercial test (Serodia Myco II; Fujirebio Inc.) to which it was compared. Southern and Western blotting data suggested that the recombinant protein derived from the 116-kDa protein of M. pneumoniae could provide a species-specific diagnostic tool, although further assessment is required.
Laboratory tests are important in the diagnosis of Mycoplasma pneumoniae infection, as it is difficult to differentiate, by clinical signs, between the etiological agents responsible for primary atypical pneumonia. Serological diagnosis of M. pneumoniae infection is commonly performed by the complement fixation test (15, 30, 33) , but it is a time-consuming assay with low specificity (27, 30) and lower sensitivity than immunofluorescence or enzyme-linked immunosorbent assay (ELISA) (24, 30) . Diagnosis using PCR is sensitive but expensive, requires specialized equipment, and is prone to false-positive results from cross-contamination of samples and prolonged carriage of M. pneumoniae (23, 28, 34) . Other methods of direct detection are less sensitive than serology (19, 23) .
An ELISA employing a purified recombinant protein encoded by an M. pneumoniae gene as antigen would have the inherent advantage of improved specificity over existing commercial serological tests, which employ complex cellular fractions of M. pneumoniae (7, 18) . The P1 protein is the only purified M. pneumoniae protein to have been used in serological diagnosis (3, 18) . The cross-reactivity of the P1 protein with both the Mycoplasma genitalium MgPa protein and eukaryotic proteins has been circumvented by the use of speciesspecific, P1-derived, synthetic octapeptides as antigen (15) . However, in comparison to a large recombinant protein antigen, the use of short synthetic peptides as antigen reduces the number of epitopes available for binding and may thus reduce the sensitivity of the test. In addition, the expense of producing synthetic peptides for use as antigen may prohibit commercial development.
A 116-kDa protein of M. pneumoniae was recently characterized as an antigenic surface protein, and its gene was identified (accession no. Z71425) and compared to its homologue (MG075) in M. genitalium (9) . The aims of this work were to identify the immunodominant region of this protein and to assess a purified recombinant protein including this region as an ELISA antigen for the detection of immunoglobulin G (IgG) to determine whether the single recombinant protein has potential as a serodiagnostic antigen. (38) . Mycoplasma cells were harvested from broth by centrifugation and resuspended in phosphate-buffered saline (PBS) (9) . E. coli cells were grown in SOC medium and on Luria-Bertani medium with agar (29) .
MATERIALS AND METHODS

Bacterial strains. M. pneumoniae FH (ATCC 15531
DNA extraction and Southern blotting. M. pneumoniae, M. penetrans, and M. pirum DNAs were extracted by the method of Su et al. (31) . DNA was extracted from M. genitalium by the method of Peterson et al. (26) . M. gallisepticum, M. iowae, and M. imitans DNA were prepared by the method of Kleven et al. (20) . Southern blots of BglII-and EcoRI-digested DNAs from the three M. pneumoniae strains, M. genitalium, M. pirum, M. penetrans, M. gallisepticum, M. imitans, and M. iowae were probed with [␣-
32 P]dCTP-labelled fragments generated from plasmid pGEX-1N-MP3, a 730-bp region which is relatively conserved between the 116-kDa gene of M. pneumoniae and MG075 of M. genitalium by randomly primed labelling (Boehringer Mannheim). The region of the gene encoding the 116-kDa protein of M. pneumoniae with the greatest identity (96%) to its M. genitalium homologue, MG075, was used to design oligonucleotide 116kcon (ATAAACTCCAAGGTGAGTTTGATAA). This oligonucleotide spans bases 284 to 307 of the 116-kDa protein gene and bases 287 to 310 of MG075. This oligonucleotide was also used to probe Southern blots following labelling by 3Ј phosphorylation using polynucleotide kinase (Promega) and [␥-
32 P]ATP. The blots were hybridized with the probes at 50°C overnight. The blot hybridized with the pGEX-1N-MP3-derived probe was washed three times for 60 min each time at 60°C in 1ϫ SSC (0.15 M NaCl plus 0.015 sodium citrate)-0.1% sodium dodecyl sulfate (SDS). The blot hybridized with oligonucleotide 116kcon was rinsed twice at room temperature and then washed twice at 50°C for 10 min each time with 6ϫ SSC-0.5% SDS. Following initial autoradiographic exposure, this blot was washed twice again, but at 60°C for 10 min each time, with 6ϫ SSC-0.5% SDS.
SDS-PAGE and Western blotting. Proteins were separated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE), transferred to a polyvinylidene difluoride membrane (Immobilon P; Millipore), and probed by a method adapted for M. pneumoniae (17) . The immunoaffinity-purified polyclonal rabbit antibodies raised to both the 116-kDa protein of M. pneumoniae and glutathione S-transferase (GST) have been described previously (9) . Bound human IgG was detected with rabbit anti-human ␥ chain conjugated to horseradish peroxidase (HRP; Dako) at a dilution of 1/800. The variable region of glycoprotein G of equine herpesvirus type 1, expressed from the pGEX expression vector as a fusion with GST and purified by glutathione affinity chromatography (4), was used as a negative control antigen.
Human sera. Twenty-four single serum samples and 30 paired serum samples were obtained from individuals who had a suspected M. pneumoniae infection. All serum samples were tested for antibodies to M. pneumoniae by using a gelatin particle agglutination assay with undefined membrane components of M. pneumoniae Mac as antigen (Serodia Myco II; Fujirebio Inc.).
Serum samples from 29 of these individuals (including five sets of paired serum sample) were assessed for IgG reactivity with recombinant proteins by Western blotting. Of these, 27 had been found to contain antibodies against M. pneumoniae by agglutination in accordance with the manufacturer's guidelines.
The 30 paired serum samples were assessed by indirect ELISA for IgG reactive with a recombinant protein that was encoded by a region of the gene encoding the 116-kDa protein of M. pneumoniae. Cryoproteins and insoluble lipid were removed from all sera by centrifugation at 10000 ϫ g for 60 min at 4°C prior to use in the ELISA (12) .
Expression of regions of the 116-kDa protein. The generation of recombinant plasmids pGEX-1N-MP3 and pGEX-1N-MP10 has been described previously (9) . Regions of the gene for the 116-kDa protein not contained in these two plasmids were amplified by PCR using the primer pairs shown in Table 1 . PCR products were purified by electrophoresis in agarose gels, extraction from gel slices with the Wizard DNA Clean-Up System (Promega), and then ligated to the pGEM-T vector (Promega). The ligated plasmids were used to transform competent E. coli DH5␣ cells. Each cloned PCR product was excised from pGEM-T by using BamHI and EcoRI, purified by agarose gel electrophoresis as described above, and ligated to pGEX-3X (Pharmacia) digested with BamHI and EcoRI. The ligated plasmids were used to transform E. coli DH5␣. The identity of the cloned DNA was confirmed by DNA sequencing using Deaza G/A T7 Sequencing Mixes (Pharmacia).
E. coli transformed with recombinant plasmids pGEX-3X-MP661, pGEX-3X-MPFP2, pGEX-3X-MPFP3, and pGEX-3X-MPFP4, which contained cloned PCR products, and E. coli transformed with recombinant plasmids pGEX-1N-MP3 and pGEX-1N-MP10 were incubated for 2 h in the presence of 2 mM isopropyl-␤-D-thiogalactopyranoside. Expression of fusion proteins from the recombinant plasmids was assessed by SDS-PAGE and Western blotting of wholecell lysates.
Fusion proteins 661, 10c, and FP3 were purified by affinity binding to glutathione Sepharose 4B (Pharmacia) and competitive elution with free glutathione (4). Fusion proteins 3c, FP2, and FP4 were purified as inclusion bodies (25) . Purified inclusion bodies were resuspended in 0.4 ml of 8 M urea, to which 0.4 ml of PBS was then added.
Fusion protein 661 was further purified by anion-exchange chromatography or by cleavage of 661 from GST bound to glutathione Sepharose 4B using the Restriction Protease Factor Xa Cleavage and Removal Kit (Boehringer Mannheim). For anion-exchange chromatography, a Mono Q HR5/5 column (Pharmacia) was equilibrated with buffer A (50 mM Tris-HCl [pH 8], 5 mM 2 mercaptoethanol, 0.1 mM EDTA, 10% [vol/vol] glycerol). A 0.1-mg sample of 661 was loaded, the column was washed with 10 ml of buffer A, and the proteins were then eluted with a concentration gradient of buffer B (buffer A containing 0.4 M NaCl) increasing to 20% over 15 ml and then to 100% over 10 ml, followed by a further 5 ml of buffer B. Fractions with peak optical density at 214 nm were collected.
Purification by cleavage from the fusion partner was done as suggested by the manufacturer but with a final incubation of the cleaved polypeptide 661 with 50 l of washed 50% glutathione Sepharose 4B at 4°C for 30 min to remove residual contaminants. The glutathione Sepharose 4B was then precipitated by centrifugation, and phenylmethylsulfonyl fluoride was added to the supernatant to a final concentration of 50 g/ml.
ELISA. The ELISA method used was adapted from a previously published method (13) . Washing at each stage was done three times with PBS-0.05% Tween 20 (PBS-T), and sera and antibodies were diluted in 5% skim milk powder in PBS-T. Each of the inner 60 wells of MaxiSorp Immunoplates (Nunc) was coated at 4°C overnight with 100 l of protein 661 diluted in carbonate-bicarbonate buffer (32 mM Na 2 CO 3 , 64 mM NaHCO 3 ). The plate was washed, 100 l of 5% (wt/vol) skim milk powder in PBS-T was added to each well, and the plate was incubated for 1 h at room temperature. After washing, 100 l of diluted primary antibody was added to each well, and the plate was incubated for 1 h at room temperature. The plate was washed, and 100 l of diluted rabbit antibody to human ␥ chain conjugated to HRP (Dako) was added to each well. The plate was incubated for 1 h at room temperature. The plate was washed, 100 l of substrate solution (0.32 mM 3,3Ј,5,5Ј-tetramethylbenzidine dihydrochloride [Sigma], 85 mM sodium acetate, 12 mM acetic acid) was added, and the plate was incubated at room temperature for 5 min. The reactions were stopped by addition of 25 l of 1 M HCl per well, and the A 450 of the contents of each well was determined.
Determination of serum reactivity. The same positive serum (95508680) was assayed in duplicate at 1/100 and serial fourfold dilutions to 1/25,600 on each plate to obtain a standard curve. Each serum sample was assayed in duplicate. If the difference in optical density between the unblanked duplicate wells was greater than 10% of their mean value, they were assayed again in triplicate. The mean optical density of duplicate wells containing antigen incubated with conjugated antibody, but not primary antibody, was subtracted as a blank value from the optical density of assayed sera. The four-parameter curve fit method was applied to the standard curve data points by using the program Delta Soft 3 (E. Bechtold and BioMetallics, Inc.). Averages of the optical densities of duplicate serum dilutions of 1/100 were interpolated on the standard curve, and the reactivity of the sera was expressed in units relative to units of reactivity per microliter of 95508680. The reactivity of serum 95508680 with 661 was defined as 2,560 relative units (RU) of IgG/l. The use of a single reference serum, tested in a serial dilution series on each plate, has been shown to eliminate systematic errors in such assays, allowing greater analytical consistency. Furthermore, it has been shown that interpolation of relative antibody units from such a standard curve yields more reliable antibody measurement than titration to an endpoint or assessment solely on the basis of absorbance measurements (22) .
RESULTS
Hybridization of probes derived from the 116-kDa protein gene to Southern blots of mycoplasma genomic DNA. The 7.9-and 3.3-kb EcoRI and 10.3-kb BglII fragments of all three strains of M. pneumoniae hybridized to the probe derived from plasmid pGEX-1N-MP3, but no fragments of the other species hybridized to this probe. The 730-nucleotide fragment of the 116-kDa protein gene contained in pGEX-1N-MP3 had 66% identity with MG075, the M. genitalium homologue of the VOL. 37, 1999 RECOMBINANT M. PNEUMONIAE PROTEIN AS ELISA ANTIGEN116-kDa protein gene of M. pneumoniae (11) . To increase the probability of detecting homologues of the 116-kDa protein in other species, the 116kcon oligonucleotide was used as a probe. The melting temperatures of the duplexes formed between M. pneumoniae DNA and 116kcon and between M. genitalium DNA and 116kcon were predicted to be 71 and 65°C, respectively (29) . Exposure after the initial washing at 50°C revealed hybridization of 116kcon to the 3.3-kb EcoRI and 10.3-kb BglII fragments of the M. pneumoniae strains and the 7.7-kb EcoRI and 4.9-kb BglII fragments of M. genitalium, as predicted from the M. genitalium genomic sequence (11). Washing of both membranes at 60°C reduced the background considerably but did not reveal hybridization to any other fragments (Fig. 1a) .
Western blotting of mycoplasma whole-cell proteins probed with affinity-purified rabbit antibodies to the 116-kDa protein.
Immunoaffinity-purified rabbit antibodies to the 116-kDa protein gave strong reactions with the 116-kDa protein of M. pneumoniae FH and weaker reactions with the 116-kDa protein of strains PI1428 and M129 (Fig. 1b) . No other Mycoplasma species contained proteins reactive with the antibodies to the 116-kDa protein.
Expression of different regions of the 116-kDa protein gene. Six different, nonoverlapping regions of the 116-kDa protein gene were cloned and expressed in pGEX vectors as fusion proteins with GST. The only regions of the gene not included in one of the expression clones were those encoding amino acids 1 to 8 and 1030 of the 116-kDa protein (Table 2 ). In addition, amino acids 963 and 968 of the 116-kDa protein were tryptophan residues encoded by TGA codons, and thus, amino acids 963 to 968 were not expressed.
GST was affinity purified from E. coli transformed with pGEX-3X alone and used as a control in subsequent Western blotting experiments. Western blot analysis demonstrated successful expression of the predicted fusion proteins 3c, 10c, 661, FP2, FP3, and FP4 from plasmids pGEX-1N-MP3, pGEX-1N-MP10, pGEX-3X-MP661, pGEX-3X-MPFP2, pGEX-3X-MPFP3, and pGEX-3X-MPFP4, respectively. FP3 did not react, and FP2 and FP4 reacted only weakly, with the immunoaffinity-purified rabbit antibodies to the 116-kDa protein. However, all fusion proteins were reactive with the immunoaffinity-purified rabbit antibodies to GST.
Contaminants ranging from 45 to 84 kDa and reactive with human sera persisted through glutathione Sepharose 4B affinity purification of the fusion proteins. They were easily discriminated from all of the purified fusion proteins except 661 in Western blots. As some contaminants comigrated with fusion protein 661 on SDS-PAGE, it was difficult to determine the reactivity of human sera with it by Western blotting. The immunoreactive contaminants were removed by either anionexchange chromatography or Factor Xa cleavage of recombinant protein 661 from its GST fusion partner while attached to glutathione Sepharose 4B.
Assessment of fusion protein reactivity with sera from humans infected with M. pneumoniae. The proportions (percentages) of the 29 serum samples tested that were immunoreac- It failed to react with sera from four individuals. Sera from these individuals were further assessed by Western blotting using whole-cell proteins of M. pneumoniae as antigen. One of the single sera not reactive with 661 was positive by particle agglutination, weakly reactive with FP3, and also weakly reactive with the P1 protein and a 40-kDa protein of M. pneumoniae. The other single serum not reactive with 661 was negative by particle agglutination and did not react with any other fusion protein but did react with a 40-kDa protein of M. pneumoniae. The acutephase serum not reactive with 661 did not react with any other fusion protein but was positive by particle agglutination and weakly reactive with the P1, 90-kDa, 70-kDa, and 40-kDa proteins of M. pneumoniae. However, the convalescent-phase serum from this individual did react with 661. The paired sera not reactive with 661 were also both negative by particle agglutination but weakly reactive with the P1 protein and a 40-kDa protein of M. pneumoniae.
Optimization of ELISA based on protein 661. While protein 661 could be purified by either anion-exchange chromatography or cleavage from the fusion partner, the occasional presence of anti-GST antibodies in human sera and the higher yields achievable by cleavage led to use of protein purified by cleavage for all ELISA evaluations. Recombinant protein 661 was used at a concentration of 20 g/ml, and at 11 threefold dilutions to 110 pg/ml, to coat duplicate wells of microtiter plates. The bound antigen was tested at a dilution of 1/500 with a human serum which had IgG strongly reactive with 661 by Western blotting. IgG bound to 661 was detected with HRPconjugated rabbit anti-human ␥-chain antibody diluted 1/1,600. Antigen incubated with the conjugate only (not the primary antibody) provided a control for nonspecific binding of the conjugate. Nonspecific binding was eliminated at an antigen concentration of 2 g/ml or less. Reactivity with 661 was maximal in wells coated with 2-g/ml 661 or more, so subsequent assays were performed by using 2-g/ml 661.
A serum strongly reactive with 661 in a Western blot assay was assayed at 1/100 and serial twofold dilutions to 1/25,600 with the conjugate at 1/800 and serial twofold dilutions to 1/25,600. A serum that was not reactive with 661 in the Western blot assay was tested in an identical manner. Six serial twofold dilutions of the conjugate were incubated with 661 in the absence of the primary antibody as a control for nonspecific binding. The binding of the unreactive serum was reduced to background levels when the HRP-conjugated rabbit antihuman ␥-chain antibody was used at a dilution of 1/12,800. This conjugate concentration was used in all subsequent assays. Maximal discrimination between the negative and positive sera occurred at a serum dilution of 1/100, so subsequent assays were performed with sera diluted 1/100. Assessment of paired sera by 661 ELISA. Individuals were defined as seropositive if they had a fourfold or greater rise in agglutination titer (10, 21) or a fourfold or greater rise in RU of reactivity, as determined by ELISA. The agglutination assay and ELISA results for all paired sera are presented in Table 3 . Of the 30 individuals, 15 were positive by the ELISA and 14 were positive by the agglutination assay. Thirteen individuals a The positions of the first and last amino acids of the 116-kDa protein contained in each fusion protein are shown. b The PCR product generated by FP3F and FP3R spanned two TGA stop codons (TGA codes for Trp in mycoplasma). Consequently, three fusion proteins were expressed from plasmid pGEX-3X-MPFP3, but most of the fusion proteins terminated at the first TGA (encoding Trp amino acid 963).
c Each value in parentheses is the molecular mass of the protein fused to GST. were positive and 14 were negative by both tests. Of the three individuals with discrepant results, one had a fourfold rise in agglutination titer and a twofold rise in IgG RU (patient 2), one had a high but stationary titer in the agglutination assay and a fourfold increase in IgG RU (patient 3), and the last was negative by agglutination assay for both sera but had a fourfold rise in IgG RU (patient 24).
DISCUSSION
Assessment of the species specificity of antibody to the 116-kDa protein. Species of the M. pneumoniae phylogenetic group and the phylogenetically related species M. penetrans and M. iowae (2, 25) were examined for genes homologous to that encoding the 116-kDa protein by using probes from two different regions of the gene which were relatively conserved between the two characterized homologues in M. pneumoniae and M. genitalium and for proteins recognized by antisera to the 116-kDa protein. In the species examined, genes homologous to that encoding the 116-kDa protein were only detected in M. pneumoniae and M. genitalium and cross-reactive proteins were only present in M. pneumoniae. As the amount of total cell protein loaded in the Western blots was similar for each strain of M. pneumoniae and there are only three predicted amino acid differences between the 116-kDa proteins of M. pneumoniae FH and M129 (11), the differences in 116-kDa protein reactivity with the immunoaffinity-purified rabbit antibodies to the 116-kDa protein is unlikely to be attributable to differences between strains in the antigenicity of the 116-kDa protein.
It is most likely that the differences observed reflect differences between strains in the level of expression of the 116-kDa protein in vitro. In a previous study, a 110-kDa protein of M. pneumoniae FH had greater reactivity with sera from 12 humans infected with M. pneumoniae than did the 110-kDa protein that was expressed by M. pneumoniae isolated from the same 12 infected humans (36) . Assuming that this 110-kDa protein is identical to the 116-kDa protein, the high levels of antibody against the 116-kDa protein detected in our study suggest that its expression in some strains may be greater in vivo than in vitro. However, variation in the level of expression of the 116-kDa protein cannot be explained by current sequence data. The 116-kDa protein is encoded by the 3Ј gene of a dicistronic operon (9) . There are no nucleotide differences between M. pneumoniae FH and M129 in the intergenic sequence between the open reading frames (ORFs) of this operon and only a single variant nucleotide in the 287 nucleotides 5 prime to the 5Ј ORF, but this is 113 nucleotides 3 prime to the site of transcriptional initiation. Thus, differences in expression were not due to differences in translational or transcriptional regulatory sequences. It may be that variation in the expression of products of this operon is effected by either differing levels of a transcriptional factor acting on the promoter or variations in amounts of posttranslational processing.
The predicted amino acid sequence of the protein encoded by ORF MG075 of M. genitalium had only 52% amino acid identity with the predicted amino acid sequence of the 116-kDa protein. While this suggests that there is unlikely to be cross-reactivity between the 116-kDa protein of M. pneumoniae and the MG075 product of M. genitalium, our failure to detect a cross-reactive protein by Western blotting could also be due to lack of expression in vitro. Ultimately, determination of the species specificity of antibodies to 116-kDa protein homologues will depend on the expression of regions of the gene from M. genitalium.
The immunodominant region of the 116-kDa protein of M. pneumoniae as a serodiagnostic antigen. Recombinant protein 661 was the most antigenic of the recombinant proteins derived from the 116-kDa protein. Of the 29 individuals with suspected M. pneumoniae infection, 3 did not develop serum IgG reactive with 661 in a Western blot assay. Two of these three were also negative by particle agglutination and had low levels of IgG reactive with whole-cell proteins of M. pneumoniae and thus were probably not infected with M. pneumoniae. The third had a low level of reactivity with M. pneumoniae proteins by Western blot but was strongly positive by the particle agglutination assay, which detects primarily IgM (1). This single serum was described as an acute-phase sample and thus may have had detectable M. pneumoniae-specific IgM but not IgG (17, 35) .
Performance of the 661 ELISA. Protein 661 was used as an antigen in an indirect ELISA. Cutoff values for the IgG ELISA were not calculated, as anti-M. pneumoniae IgG remains elevated for at least a year following infection and is therefore only of value in demonstrating a rise in titer (35) . The sensitivity of the indirect ELISA (94%) was not significantly greater than the sensitivity of the Serodia Myco II particle agglutination assay (88%) (P ϭ 0.5, Fisher's exact test). Only 3 of the 30 individuals tested had different results by the two tests. These discrepant results could be due to the different isotypes detected by the agglutination assay (primarily IgM) (1) and the indirect ELISA (solely IgG).
The data from this limited trial indicated that recombinant protein 661 could be used as a serodiagnostic reagent. The inherent advantage of serodiagnosis using a purified single polypeptide rather than complex cellular fractions is improved specificity (7, 18) . The cross-reactivity with human tissues observed in the complement fixation test for detection of M. pneumoniae-specific antibodies is due to the glycolipid antigen (27) , but proteins of M. pneumoniae also cause cross-reactivity. The P1 and the P30 proteins both have homology with eukaryotic structural proteins, sera raised to both proteins cross-react with human proteins (5, 6, 16) , and antibody against P1 is cross-reactive with MgPa, the homologue in M. genitalium, necessitating the use of species-specific, P1-derived, synthetic peptides as antigens in a diagnostic ELISA (15) .
The sera tested in our study were all collected in Victoria from 1995 to 1997. It is possible that they are representative of infection with only a limited number of M. pneumoniae strains. However, the nucleotide sequence of the gene encoding the 116-kDa protein, and consequently also the epitopes of the protein, is highly conserved between M. pneumoniae M129 (14) and FH (9) , which are representatives of the two M. pneumoniae groups expressing variant P1 proteins (32) . It should be noted that the two major antigenic groups described for M. pneumoniae have been classified as such solely on the basis of their P1 proteins and there is no evidence that this variability is reflected in other proteins. Indeed, the variation in P1 has been suggested to result from recombination between the functional gene and a reservoir of pseudogenes found throughout the genome (32) and is thus unlikely to reflect evolutionary divergence between the genomes of strains assigned to either group.
While our trial demonstrated that the indirect ELISA using recombinant protein 661 as antigen had sensitivity comparable to that of existing tests, it was performed on a selective set of sera from patients thought to be infected with M. pneumoniae on clinical grounds. Thus, a more extensive prospective trial is required to compare the sensitivity of the assay using recombinant protein 661 as an antigen with the sensitivity of existing serological tests. Similarly, further investigation is required to determine to what extent specificity is improved by using purified recombinant protein 661 as antigen rather than the M. pneumoniae cellular fractions currently employed in serology. Such a trial should include a parallel assay developed by expressing the homologous region of the M. genitalium gene so that the extent of cross-reactivity of current tests can be assessed, as well as the specificity of the ELISA described in this paper. The availability of these parallel assays would then allow comprehensive assessment of the epidemiology and relative significance of these two organisms in respiratory disease.
